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DNA-encoded solid-phase library synthesis
Of the many approaches to making large libraries of compounds
for novel hit discovery screening, the one bead one compound
(OBOC) methodology has provided a simple technique for making
large libraries. Each bead contains a single compound ready for
screening against a soluble protein target, but as there is no
encoding method for the speciﬁc structure on the bead, when bio-
chemical activity is observed, the structure is generally analysed by
tandem mass spectrometric (MS/MS) fragmentation analysis.
Although this is usually successful in identifying compounds, it is
unable to distinguish stereochemical or regiochemical detail, thus
limiting either the initial diversity of the library or requiring
further subsequent analysis to unequivocally identify the hit com-
pound structures. There are other restrictive considerations in the
use of MS/MS including demanding high levels of synthetic success
so that bead loading is high, and by-products are less likely to
obscure the parent compound identity.
A recent paper describes a new modiﬁcation of the OBOC
approach using DNA to encode for the structures of the compounds
attached to the bead [1]. Speciﬁcally, the method, called
DNA-encoded solid-phase synthesis (DESPS), calls for the parallel
synthesis of the library compound as well as a double strand of
DNA that encodes for the building blocks employed in the
compound synthesis. PCR ampliﬁcation and high-throughput
sequencing allows unambiguous assignment of compound struc-
ture and is not compromised by stereochemical complexities or
low synthetic yields.
The DESPS approach requires a bifunctional linker to permit the
parallel synthesis of the compound and DNA strand. Linker (1)
contains a protected amine functionality as a tether point for com-
pound synthesis, an acetylene for copper-catalysed Click chemistry
attachment of the DNA strand, a coumarin chromophore for quan-
titative chromatographic analysis, and an arginine to enhance mass
spectroscopic ionisation efﬁciency. Library synthesis proceeded by
attachment of an azide modiﬁed DNA headpiece presenting two
complementary DNA sequences with a 50-phosphate and a 30-din-
ucleotide overhang substrate for ligase-catalysed DNA addition.
The parallel synthesis of the library component and the encodingDNA proceeded through alternating organic phase chemical
reactions in DMF, and aqueous phase enzymatic ligations.
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The DESPS approach has been used to make a library of 75,645
members which were prepared on both 10 lm ‘screening’ beads
and 160 lm QC beads. The QC beads were incorporated to allow
independent and successful correlation of compound structures
by both MALDI-TOF mass spectroscopic analysis and DNA sequence
analysis.
DEPSP combines many of the advantages of both OBOC and
DNA-encoded libraries providing beneﬁts in both synthesis and
screening elucidation. Furthermore, the compound synthesis has
successfully employed chemistries usually considered incompati-
ble with unprotected DNA. As such it provides an interesting and
potentially valuable alternative method for compound library
preparation.A summary of the papers in this month’s issue
Polymer supported synthesis
The solid-phase synthesis of protected N-oxoalkyl-derivatised
peptides designed for subsequent acid-mediated, tandem
N-acyliminium ion cyclisation–nucleophilic addition reaction
has been described. The target compounds contained fused
1,4-diazepanones incorporated into a peptide backbone and these
served as conformational constraints. The scope and limitation of
the ring formation were studied, and the structural requirements
and reaction conditions for cyclisation have been outlined [2].
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Novel methodology for the rapid assembly of unprecedented
and likely biologically relevant imidazo-tetrazolodiazepinones
has been presented. The product of a TMSN3-Ugi multi-component
reaction was treated with an excess of isocyanate to generate
1,5-disubstituted tetrazolo-hydantoins functionalised with an
internal-masked amino nucleophile previously introduced by the
isocyanide building block. Final products are obtained in good
overall yields after microwave irradiation of the tetrazolo-
hydantoin in acidic media. This methodology allows the produc-
tion of complex polycyclic compounds in a mere three synthetic
steps and has applications for generating molecular diversity [3].
A new Lewis acid promoted three-component reaction between
an aziridine, arene and aldehyde has been developed. This reaction
involves sequential ring opening of aziridine and a Pictet–Spengler
condensation and gives a broad range of cis-1,4-disubstituted
tetrahydroisoquinolines in moderate yields with good diastereose-
lectivities under mild conditions. The methodology provides a
rapid and convergent synthesis for the tetrahydroisoquinoline
scaffold and serves as a good tool for constructing libraries of
substituted tetrahydroisoquinolines [4].
A highly efﬁcient chemoselective synthesis of multifunction-
alised tetrahydro-1H-pyrrolo[1,2-c]imidazole and tetrahydropy-
rrolo[1,2-c]thiazole derivatives has been established from
arylglyoxal monohydrates, nitriles, and thioureas. A series of con-
trol experiments suggested that this reaction proceeded through
the convergent integration of two self-sorting domino sequences.
This synthetic strategy is promising for the diversity-oriented
synthesis of alkaloid analogues [5].
A stereodivergent approach to the creation of a speciﬁc
14-membered macrolide library has been described. A new 14-
membered macrolide template possessing 10 stereogenic centres
was designed, and resulted in a new library of fully-synthesised
14-membered ring compounds. The designed macrolides were
prepared through a convergent approach using an Evans aldol
reaction, Keck esteriﬁcation, and Yamaguchi macrolactonisation,
or Mitsunobu macrolactonisation, as key steps [6].
A novel palladium-catalysed double carbonylation approach
towards the synthesis of 3,4-dihydroisoquinoline-1-carboxamides
has been reported. The method developed involves an initial palla-
dium-catalysed double carbonylation of an N-protected alkylamine
aryliodide to afford an a-keto carboxamide intermediate, which on
subsequent deprotection underwent intramolecular imine forma-
tion to afford the benzo-azacyclic product [7].
A simple and an efﬁcient methodology for the synthesis of
spirocyclic a-amino acids as well as spirosulfones starting with
readily available active methylene compounds (AMCs) has been
established. The key di-bromo building blocks were assembled
by reacting various active methylene compounds with 1,2,4,
5-tetrakis(bromomethyl)benzene in one step. This strategy has
also been expanded to generate a variety of bis-spirocycles by
treating the di-bromo intermediates with different AMCs under
operationally simple reaction conditions [8].
A novel, green and efﬁcient method has been developed for the
construction of diverse 2-amino-2H-chromene-3-carboxylates
from salicylaldehydes and b-aminoacrylates under microwave
irradiation. This methodology offers several signiﬁcant advantages,
such as economic availability, catalyst-free, low toxicity, ease
of handling, high regioselectivity, excellent functional-group
tolerance, and is environmentally benign under mild reaction
conditions [9].
A series of structurally diverse spirocyclic 1,3-oxazines have
been conveniently prepared from three-component reactions of
a,b-unsaturated N-arylaldimines, dialkyl acetylenedicarboxylate
and quinones in dry acetonitrile without use of catalyst. Variousquinones including p-benzoquinone, 1,4-naphthoquinone, ace-
naphthenequinone, and phenanthrenequinone as well as benzil
were successfully used in the reaction to give the corresponding
spirocyclic 1,3-oxazines in good yields. The diastereoisomers of
the obtained spirocyclic 1,3-oxazines were elucidated by 1H NMR
spectra and single crystal structures [10].
Scaffolds and synthons for combinatorial libraries
A monosaccharide unit has been synthesised bearing four dif-
ferent temporary protecting groups. The protecting groups used
(Fmoc carbonate, NAP ether, levulinoyl and chloroacetyl esters)
and the anomeric thio-glycoside constitute a new set of orthogonal
protecting groups [11].
Solid-phase supported reagents
Two kinds of palladium catalysts immobilised on a chelate resin
bearing diiminoacetate or polyamine moieties on cross-linked
polystyrene polymer have been newly prepared. This was achieved
by the adsorption of palladium (II) ions on these resins followed by
the reduction to palladium (0) with hydrazine monohydrate. Both
catalysts showed a similar activity for hydrogenation, and a variety
of functionalities could be reduced under the hydrogenation condi-
tions using either catalyst. Since palladium metal elution from the
immobilised catalysts was not observed, the catalysts could be
reused without any decrease in activity for at least ﬁve runs [12].
Novel resins, linkers and techniques
No papers this month.
Library applications
A convenient solid-phase synthetic method has been developed
for assembling a triantennary N-acetylgalactosamine (GalNAc)
cluster on the 50-end of an antisense oligonucleotide (ASO) using
phosphoramidite chemistry. Conjugation of the 50-triantennary
GalNAc cluster improved potency of the 14-mer ASO 7-fold in mice
and more than 50-fold in hepatocytes. The synthetic approach
described simpliﬁes the synthesis of 50-triantennary GalNAc clus-
ter conjugated ASOs and helps understand the structure–activity
relationship for targeting hepatocytes with oligonucleotide
therapeutics [13].
A library of mono- and bis-uracil isatin conjugates have been
synthesised and subjected for the assessment of their in vitro activ-
ity against the protozoal pathogen Trichomonas vaginalis. The
structure activity studies revealed that the bis-uracil-isatin based
conjugates were more effective than their corresponding mono
conjugates in inhibiting the growth of T. vaginalis at approximately
10 lM with no visual effect on mammalian cells at the same
concentration [14].
17b-Hydroxysteroid dehydrogenase type 3 (17b-HSD3) is a key
enzyme involved in the biosynthesis of testosterone and
dihydrotestosterone, hormones known to stimulate androgen-
dependent prostate cancer. In order to generate effective inhibitors
of androgen biosynthesis without androgenic effect, a new family
of 3-spiromorpholinone and 3-spirocarbamate androsterone
derivatives bearing diversiﬁed hydrophobic groups have been
synthesised. The compounds’ inhibitory activity in a microsomal
fraction of 17b-HSD3-containing rat testes, and their androgenic
effect on androgen-sensitive LAPC-4 cells was determined. A
library of analogue compounds was also synthesised in order to
generate compounds with reduced androgenic activity [15].
Ligands acting at multiple dopamine receptors hold potential as
therapeutic agents for a number of neurodegenerative disorders.
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afﬁnity could restore the effects of dopamine depletion and
enhance motor activation on degenerated nigrostriatal dopaminer-
gic systems. The synthesis and characterisation of heterocycle-
peptide hybrids based on the indolo[2,3-a]quinolizidine core have
been investigated. This privileged structure is a water-soluble and
synthetically accessible scaffold with afﬁnity for diverse GPCRs. A
solid-phase combinatorial library of 80 indoloquinolizidine-
peptides was prepared to identify compounds with enhanced bind-
ing afﬁnity at D2R, a receptor crucial to re-establish activity on
dopamine-depleted degenerated GABAergic neurons. The results
validated the application of indoloquinolizidine-peptide combina-
torial libraries to ﬁne-tune the pharmacological proﬁles of multiple
ligands at D1 and D2 dopamine receptors [16].
A targeted library of substituted dibenzo[b,f]thiepines and
dibenzo[b,f]oxepines, structurally analogous to tamoxifen, have
been synthesised as a new class of anti-breast cancer agents. All
the prototype molecules exhibited potential antiproliferative
activity against estrogen receptor (ER)+ve and ER ve breast cancer
cell lines, and dibenzo[b,f]thiepine prototypes were found to be
more active. One compound exhibited potent in vitro antiprolifer-
ative activity at 1.33 lM and 5 lM concentration in MCF-7 and
MDA-MB-231 cell lines and was devoid of any cytotoxicity in
normal HEK cells even at 50 lM [17].
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